Comparison of the calcium- and magnesium-induced structural changes of troponin--C. A proton magnetic resonance study.
Previous proton magnetic resonance studies of the effects of Ca(II) on the structure of rabbit skeletal muscle troponin--C have shown that Ca(II) binding to the two high affinity sites of troponin--C both directs and stabilizes the folding of much of the structure. Ca(II) binding by the two low affinity sites of troponin--C causes changes in the environment of largely hydrophobic residues. We have now examined the structural changes caused by Mg(II) and by Ca(II) in the presence of excess Mg(II). Successive addition of Mg(II) to metal-free troponin--C leads to broadly similar, but not identical, structural changes to those previously assigned to Ca(II) binding at the high affinity sites. None of the changes previously assigned to Ca(II) binding to the low affinity sites was observed. Since Mg(II) does not bind to the low affinity sites, these results confirm the previous assignments. The spectral differences between Mg(II) and Ca(II) show that the degree of backbone folding and interactions between a group of hydrophobic residues (one or more Val, Leu, Ile; two or more Phe) are different for the two cations. In the presence of excess Mg(II), at a molar ratio that may exist in vivo (approx. 40 : 1 mol ratio Mg(II): Ca(II), titration with Ca(II) leads to a displacement of Mg(II) and to all the structural changes previously observed for Ca(II) alone. However, in the presence of Mg(II) the distinction between high and low affinity sites is blurred as judged by the overlap of the spectral changes associated with each of the binding sites. This result, together with the observation that Mg(II) promotes structural changes different from Ca(II), suggests a structural basis for the observation that the Ca(II) threshold for the activation of tension in some myofibrils is increased in the presence of high Mg(II) concentrations.